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Abstract of JP2000299901 

PROBLEM TO BE SOLVED: To provide a hybrid dump truck for enhancing productivity. SOLUTION: 
The dump truck comprises motors 9a, 9b for driving drive wheels, an engine 1 for a generator 2, a 
rectifier 4 for converting AC output power from the generator 2 into DC power, inverters 8a, 8b 
connected with the DC output line of the rectifier 4 in order to control the r.p.m. of the drive motors 9a, 
9b, a battery 7 connected in parallel with the DC output line of the rectifier 4 and the input power 
supply line of the inverters 8a, 8b, and a controller for delivering a speed command signal to the 
inverters 8a, 8b depending on the acceleration. The drive motors 9a, 9b have a maximum output 
larger than that of the engine 1 and the controller 20 has a battery charge/ discharge control means 
23 for assisting the driving powder of the drive motors 9a, 9b with a discharging current by delivering 
a command for enabling discharging from the battery 7 to a battery switch 5 when a power larger than 
the maximum output power of the engine 1 is required for driving the drive motors 9a, 9b. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this trans I at ion. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A drive motor which drives a driving wheel (9a, 9b). 
An engine (1) which rotates and generates a dynamo (2). 

A rectifier (4) which changes into a direct current exchange which a dynamo (2) outputted. 
An inverter which an input power line is connected to a do output line of a rectifier (4), and controls 
number of rotations of a drive motor (9a, 9b) according to a speed commands signal from the outside, 
and controls the vehicle speed (8a, 8b). 

A battery (7) connected in parallel with a dc output line of a rectifier (4), and an input power line of an 
inverter (8a, 8b), and a controller which outputs a speed commands signal of a drive motor (9a, 9b) to 
an inverter (8a, 8b) according to the amount of treading in of an accelerator pedal, and controls the 
vehicle speed. 

Are the above the hybrid type dump truck which it had, and a drive motor (9a, 9b), Have the larger 
maximum output than the engine (1 ) maximum output, and from a battery (7) before a dc output line 
of a rectifier (4), and an input power line of an inverter (8a, 8b). A battery open/close switch (5) 
switched so that either discharge to an inverter (8a, 8b) from a battery (7) and charge to a battery (7) 
from a rectifier (4) may be made possible by input instructions is formed, When controlling revolving 
speed of a drive motor (9a, 9b) according to the amount of treading in of an accelerator pedal, a 
controller (20), When larger electric power than generated output at the time of the engine (1) 
maximum output is required for a drive of a drive motor (9a, 9b), It has a battery charge-and~ 
discharge control means (23) which generates smoothly discharge to an inverter (8a, 8b) from a 
battery (7) for instructions to a battery open/close switch (5) as it is possible, and assists a drive 
motor (9a, 9b) with driving power according to discharge current. 

[Claim 2]The hybrid type dump truck comprising according to claim 1: 

A running data input means (21) as which a controller (20) inputs a desired value of running data, 
such as number of rotations for power generation with an engine (1) according to the vehicle speed 
according to a road surface state, the vehicle speed, and a road surface state of a running route. 
When it runs one cycle of predetermined running routes according to a predetermined desired value 
of inputted running data, An electric energy integration means (24) which calculates electric power 
production of a actual engine (1) in the meantime, driving electric energy of a drive motor (9a, 9b), 
and the amount of regenerative power revived from a drive motor (9a, 9b), respectively, and 
calculates an electric energy integrated value over a battery (7). 

A running data update means (25) which updates the present running data based on a calculated 
electric energy integrated value so that the total electric energy at the time of charge may become 
large rather than the total electric energy at the time of discharge of a battery (7). 

[Claim 3]In the hybrid type dump truck according to claim 1, a battery charge-and-discharge control 
means (23) of a controller (20), A hybrid type dump truck outputting instructions which assist engine 
(1) with generated output according to discharge current from a battery (7) to a battery open/close 
switch (5) as driving power of a drive motor (9a, 9b) in case a running route is Tosaka. 
[Claim 4](n the hybrid type dump truck according to claim 1, a battery charge-and-discharge control 
means (23) of a controller (20), A hybrid type dump truck outputting instructions which charge 
surplus generated output at a battery (7) to a battery open/close switch (5) when engine (1) 
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generated output is larger than driving power which a drive motor (9a, 9b) needs. 

[Claim 5]In the hybrid type dump truck according to claim 1, a battery charge-and~discharge control 
means (23) of a controller (20), A hybrid type dump truck outputting instructions which charge 
generated output with an engine (1), and regenerative power by a drive motor (9a, 9b) at a battery (7) 
to a battery open/close switch (5) when a running route is driving down slope. 



[Translation done,] 
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JPO and INPIT are not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the hybrid type dump truck which suits operation in a 

mine. 

[0002] 

[Description of the Prior Art]Conventionally, in the open pit mine, the electric drive type dump truck 
has been widely used as an off-road large-sized dump truck which carries an ore and topsoil. After 
loading into a dump truck the ore in which it worked a mine by the trough, going up a hill and carrying 
out earth removal in the predetermined earth removal position of an apex part, the work which 
specifies and runs the running route of the cycle of returning to a trough again is common in an open 
pit mine. Mileage is usually long at the time of a climb, since it is moreover in a cargo state, still 
bigger traction than a flat-ground run is needed, and shortening of this climb time has become one of 
the very important technical problems for the productivity drive in a mine. From this, the following 
two drive systems are about adopted as the electric drive type dump truck. 

[0003]The place which needs big traction among running paths in the 1 st method as shown in drawing 
6. Construct the wire 51 for trolleys on (for example, a climb way), and drive a direct-current electric 
motor using the power energy which was made to rotate a dynamo with an engine and was generated 
at the time of a usual run in the flat ground etc., and it controls a driving wheel, The motor drive by 
the above-mentioned engine power generation is assisted with the electric power which receives 
transmitted electricity from trolley wire at the time of a climb. The dump truck by such trolley 
assistance consumes the regenerative energy of a direct-current electric motor by resistance 
heating by dynamic brake, and he is trying to apply braking at the time of driving down slope and 
braking. The volts alternating current which drove the dynamo with the engine and was generated is 
changed into a direct current, and he drives a direct-current electric motor only by this generated 
output, and is trying to apply braking by dynamic brake like the 1st method of the above by the 2nd 
method again at the time of braking. 
[0004] 

[Problem(s) to be Solved by the Invention]However, there are the following problems in the above- 
mentioned conventional electric drive type dump truck. In the 1 st electric drive method, in order to 
raise productivity, can enlarge traction by trolley assistance at the time of Tosaka, and can 
accelerate, but. Above-ground installations, such as a substation which supplies the electric power of 
high tension to trolley wire and this trolley wire, must be formed, and since the initial cost is 
dramatically high, a transportation cost becomes expensive as a whole. In response to influence, the 
contact with a trolley wire conductor and a pantograph and a pantograph bounce tend to generate 
unevenness of a traveling road surface frequently, for this reason the abrasion of contact wire is 
large and a running cost also requires it. There is a problem that change of the running path which 
new facility cost starts with change and extension of the Tosaka course, for this reason mining by a 
trough takes for progressing cannot be freed. 

[0005] In the 2nd electric drive method, in order to raise productivity, when accelerating the vehicle 
speed at the time of Tosaka (for example, it may be twice), the large-sized dump truck which needed 
to increase the engine output, for this reason carries the engine of high power further must be 
introduced. However, high power is required only at the climb time, it cannot be said to be fully using 
the performance of a high power engine to the usual flat-ground run, but has been the superfluous 
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performance rather, and, as a result, a transportation cost becomes high. Since regenerative energy 
is made to only generate heat by dynamic brake resistance at the time of braking, energy efficiency is 
bad, therefore, since there are many burn-out fuels, a running cost becomes high and the problem 
that productivity is low also has it. 

[0006]This invention is made paying attention to the above-mentioned problem, and an object of this 

invention is to provide the hybrid type dump truck which can improve productivity. 

[0007] 

[Means for Solving the Problem and its Function and Effect] In order to attain the above-mentioned 
purpose, the 1st invention concerning this invention, A drive motor which drives a driving wheel, and 
an engine which rotates and generates a dynamo, An inverter which an input power line is connected 
to a dc output line of a rectifier which changes into a direct current exchange which a dynamo 
outputted, and a rectifier, and controls number of rotations of a drive motor according to a speed 
commands signal from the outside, and controls the vehicle speed, A battery connected in parallel 
with a dc output line of a rectifier, and an input power line of an inverter, In a hybrid type dump truck 
provided with a controller which outputs a speed commands signal of a drive motor to an inverter 
according to the amount of treading in of an accelerator pedal, and controls the vehicle speed, Have a 
drive motor and the larger maximum output than the engine maximum output from a battery before a 
dc output line of a rectifier, and an input power line of an inverter. Form a battery open/close switch 
switched so that either discharge to an inverter from a battery and charge to a battery from a 
rectifier may be made possible by input instructions, and a controller, When controlling revolving 
speed of a drive motor according to the amount of treading in of an accelerator pedal and larger 
electric power than generated output at the time of the engine maximum output is required for a 
drive of a drive motor, It has composition which has a battery charge~and~~discharge control means 
which generates discharge to an inverter from a battery for instructions to a battery open/close 
switch smoothly as it is possible, and assists a drive motor with driving power according to discharge 
current. 

[0008]When it can run by small traction like a flat-ground run, a motor drive by engine generated 
output is performed, and when you need big traction like [ at the time of a climb ], it makes engine 
generated output into the maximum output, and he is trying to assist with battery discharge electric 
power according to the 1st invention. Since big traction at the time of a climb, etc. is obtained 
without above-ground installations, such as trolley wire like the conventional trolley assistant method, 
and a high-tension substation, by this, it can respond without being able to reduce an initial cost and 
moreover cost starting flexibly also to change of a running route. Therefore, total productivity can be 
improved. Since a small engine is used, an engine burn-out fuel can be reduced, and exhaust gas 
volume can be reduced. 

[0009]In the 1st invention, the 2nd invention a controller, A running data input means which inputs a 
desired value of running data, such as number of rotations for power generation with the engine 1 
according to the vehicle speed according to a road surface state, the vehicle speed, and a road 
surface state of a running route, When it runs one cycle of predetermined running routes according to 
a predetermined desired value of inputted running data, Electric power production of a actual engine 
in the meantime, driving electric energy of a drive motor, and the amount of regenerative power 
revived from a drive motor are calculated, respectively, It has composition which has an electric 
energy integration means which calculates an electric energy integrated value over a battery, and a 
running data update means which updates the present running data so that the total electric energy 
at the time of charge may become large rather than the total electric energy at the time of discharge 
of a battery based on a calculated electric energy integrated value. 

[0010]After running based on a desired value to which running data according to road surface states 
(for example, a climb, driving down slope, a flatland, a non-flatland, etc.) of a running route, such as 
the vehicle speed and an engine speed value, was set according to the 2nd invention, Electric power 
production of an engine under this run, driving electric energy of a drive motor, and the amount of 
regenerative power revived from a drive motor are calculated, respectively, and an electric energy 
integrated value over a battery is calculated. And based on a calculated electric energy integrated 
value, the present running data is updated so that the total electric energy at the time of charge may 
become large rather than the total electric energy at the time of discharge of a battery. A charge is 
secured so that a charging state of a battery when it is in predetermined reference positions (for 
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example, prescribed position of a lowlands part of the spot of an open pit mine, etc.) of a running 
route may always become with the amount of charges and discharges when it runs by this beyond a 
predetermined value. Therefore, since a motor drive can be promptly assisted with a battery when 
motor driving force is insufficient only in generated output with an engine (at for example, the time of 
a climb), cycle time is shortened and it can run cycle time. Since discharge and charge can be 
performed for a range from an abbreviated full charge state of a battery to an usable predetermined 
low charging state in a short time, a battery can be used efficiently. 

[001 I] The 3rd invention is considering a battery charge-and-discharge control means of a controller 
as composition which outputs instructions which assist engine with generated output according to 
discharge current from a battery to a battery open/close switch as driving power of a drive motor in 
case a running route is Tosaka in the 1st invention. 

[0012]Since according to the 3rd invention engine is assisted with generated output with discharge 
electricity of a battery at the time of a climb and an electric power supply is carried out to a drive 
motor, it usually runs by small traction only by small engine generated output, and can run by big 
traction by battery assistance at the time of a climb. Thereby, since big traction at the time of a 
climb can be taken out with a small output engine, a burn-out fuel can be reduced and productivity 
can be improved. 

[001 3]ln the 1st invention, the 4th invention is considering a battery charge-and-discharge control 
means of a controller as composition which outputs instructions which charge surplus generated 
output at a battery to a battery open/close switch, when engine generated output is larger than 
driving power which a drive motor needs. 

[0014]Since according to the 4th invention surplus generated output is used for charge of a battery 
when [, such as at the at the time of shipping and a flat-ground run, etc., ] engine generated output is 
generous to motor drive electric power, a battery is charged as much as possible for a short time, 
running by engine power generation. [ At the time / At the time of driving down slope / of earth 
removal ] Therefore, a charge is secured so that a charging state of a battery when 1 cycle run is 
completed and it is in a predetermined reference position of a running route may always become 
beyond a predetermined value. Since a motor drive can be promptly assisted with a battery by this 
when required, cycle time is shortened and it can run cycle time. Since discharge and charge can be 
performed for a range from an abbreviated full charge state of a battery to an usable predetermined 
low charging state in a short time, a battery can be used efficiently. 

[001 5]In the 1st invention, the 5th invention is considering a battery charge-and-discharge control 
means of a controller as composition which outputs instructions which charge generated output with 
an engine, and regenerative power by a drive motor at a battery to a battery open/close switch, when 
a running route is driving down slope. 

[001 6]Since a battery is charged [ according to the 5th invention ] also by regenerative power by a 
drive motor at the time of driving down slope in addition to generated output with an engine, a battery 
is charged for a short time. Therefore, a charge is secured so that a charging state of a battery when 
1 cycle run is completed and it is in a predetermined reference position of a running route may 
always become beyond a predetermined value. Since a motor drive can be promptly assisted with a 
battery by this when required, cycle time is shortened and it can run cycle time. Since discharge and 
charge can be performed for a range from an abbreviated full charge state of a battery to an usable 
predetermined low charging state in a short time, a battery can be used efficiently. Since it is used as 
charging power of a battery, without only carrying out resistance heating of the regenerative energy 
at the time of driving down slope, and making it useless, Generated output of an engine required for 
charge and a motor drive can be reduced as compared with the former, and exhaust gas volume from 
an engine can be reduced, and a burn-out fuel can also be reduced greatly (energy saving effect). 
[0017] 

[Embodiment of the InventionjBelow, the embodiment concerning this invention is described in detail 
with reference to figures. The hard structure block diagram concerning an embodiment is shown in 
drawin g 1, and composition is first explained based on the figures. The output shaft of the engine 1 is 
connected with the dynamo 2, and the throttle lever control section 1 1 is connected to the throttle 
lever which the engine 1 does not illustrate. The dynamo 2 outputs three-phase alternating current, 
and the exciting circuit which energizes an exciting current and which is not illustrated is connected 
to the field coil (not shown). The rectifier 4 is connected to the 3-phase output line of the dynamo 2 
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via the circuit breaker 3 for the prevention from a short circuit- The rectifier 4 is rectifying and 
carrying out smoothness of the three-phase alternating current to a direct current, it is connected to 
the battery 7 via the battery open/close switch 5 and the fuse 6, and the line of the direct current is 
connected to the input terminal of the two inverters 8a and 8b. It is connected to the positive 
terminal side of the battery 7, and the battery ullage detection sensor 26a is connected to the line 
between the battery open/close switch 5 and the fuse 6. The battery ullage detection sensor 26a is 
monitoring the output terminal voltage of the battery 7 as a battery ullage signal in this embodiment, 
and this ullage signal is inputted into the controller 20. The two inverters 8a and 8b are controlling 
the number of rotations of the drive motors 9a and 9b based on the inputted speed commands signal, 
and the motor output line (this example three phase circuit) of the two inverters 8a and 8b is 
connected to the drive motors 9a and 9b of any 1 method of inner of a front wheel and a rear wheel, 
respectively. The inverters 8a and 8b have a detector which monitors the driving power value and 
regenerative power value of the drive motors 9a and 9b, respectively, and this detection value signal 
is inputted into the controller 20. The drive motors 9a and 9b are constituted from this embodiment 
by the three-phase-circuit induction motor, and rotate the front wheel of one pair of right and left, or 
a rear wheel, respectively. 

[001 8]The controller 20 is provided with arithmetic units, such as a microcomputer and a high-speed 
math-processing device, and has the memory 20a of the prescribed capacity (what is called RAM) 
which can be written inside. The controller 20 outputs throttle-opening-control instructions to the 
throttle lever control section 1 1, and outputs an exciting current command to the exciting circuit 12. 
Each speed command of the drive motors 9a and 9b for a front wheel and for rear wheels is 
outputted to the two inverters 8a and 8b. The ullage signal which the battery ullage detection sensor 
26a detected, the signal of the electric energy revived via the regeneration unit built in the two 
inverters 8a and 8b, And the rotation speed signal from the rotational frequency sensors 15a and 15b 
which detect the number of rotations of the two drive motors 9a and 9b, respectively is inputted into 
the controller 20, respectively. 

[0019]The accelerator quantity signal from the accelerator quantity detector 16 which detects the 
amount of treading in of an accelerator pedal for the controller 20, The brake amount signal from the 
brake amount detector 17 which detects the amount of treading in of a brake pedal, The battery 
mode signal from the battery mode switch 18 which assists electric power from the battery 7 and 
chooses the battery mode it can run, and the angle— of— gradient signal of the tiltmeter 19 which 
detects the cross-direction angle of gradient of vehicles are inputted. The controller 20 so that it 
may become the vehicle speed according to the inputted above-mentioned accelerator quantity 
signal, Based on a feedback signal, output a speed commands signal for the rotation speed signal from 
the rotational frequency sensors 15a and 15b to the inverters 8a and 8b, and the number of rotations 
of the drive motors 9a and 9b is controlled, The number of rotations of the drive motors 9a and 9b is 
controlled via the inverters 8a and 8b so that the vehicle speed is slowed down by the predetermined 
deceleration curve according to a brake amount signal again, and a braking command is outputted to 
the oil brake device which is not illustrated, and braking is applied mechanically. When a battery mode 
signal is inputted from the battery mode switch 18, The controller 20 performs predetermined 
processing which is mentioned later, and performs assistance of the drive of the drive motors 9a and 
9b by the discharge electricity from the battery 7, the battery charge by generated output with the 
engine 1, the drive of the drive motors 9a and 9b, etc. to predetermined timing. When not having 
inputted the battery mode signal, the drive of the drive motors 9a and 9b by the discharge electricity 
from the battery 7 is not performed, but the drive only by generated output with the engine 1 is 
performed. 

[0020]The running data configuration switch 21a which inputs the desired value of running data, such 
as the vehicle speed in battery mode and an engine speed value, is connected to the controller 20. 
And the data display 28 which displays the preset value and operation value of running data according 
to the display command from the controller 20 and about which an operator is told is connected to 
the controller 20 again. At the time of battery mode, the controller 20 so that it may mention later for 
details, Based on the set-up running data, a predetermined running route to the degree of 1 cycle run 
by predetermined processing. The electric energy integrated value of the charge and discharge to the 
battery 7 is calculated, and it updates and goes in quest of next running data based on this result of 
an operation, and charge~and-discharge electric energy is controlled so that battery ullage will always 
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be in an abbreviated full charge state. 

[0021]prawjng 2 expresses the battery charge-and-discharge rule of the hybrid type dump truck 
concerning this invention. The vehicle speed at the time of the climb of a dump truck is made high- 
speed, and productivity is made to improve in this invention by using efficiently the battery mounted 
as an object for motor drives, for this reason, the remaining capacity (ullage) of a battery — a full 
charge state (100%) — abbreviation — the nil state (0%) from near predetermined upper limit (for 
example, 95%) — abbreviation — he is trying to repeat charge and discharge before a near 
predetermined lower limit (for example, 5%) for a short time 

[0022]Namely, the drive motors 9a and 9b are driven with engine generated output and the discharge 
electricity from the battery 7 at the time of a climb. At this time, the vehicle speed is set up and the 
discharging amount of the battery 7 is set up so that the battery 7 may become near abbreviated sky 
(predetermined lower limit Pd of a graphic display) on the summit (for example, prescribed position 
which is an earth removal position of an open pit mine) of a running route. The battery 7 is charged 
by the regenerative power and engine generated output in the case of braking at the time of driving 
down slope. At this time, the desired value of the vehicle speed and an engine speed value is set up 
so that the battery 7 may serve as a full charge (more than predetermined upper limit Pu) at the pars 
basilaris ossis occipitalis (for example, mining spot position of an open pit mine) of a running route. 
Even if it rotates the engine 1 with a nominal speed, in being less than a full charge at the time of 
driving down slope, he looks over the amount of battery discharge at the time of a climb (that is, 
assist quantity) again, or is trying to charge the battery 7 by engine generated output at the time of 
shipping or a flat-ground run, etc. at the time of earth removal. And from cycle time, the amount of 
battery full charges, etc., these travel conditions are judged synthetically and set up. 
[0023] Next, the functional constitution block diagram shown in drawing 3 explains the battery charge- 
and-discharge control facility of the hybrid type dump truck concerning this invention. The running 
data input means 21 sets up the initial value of running data according to said battery charge~and- 
discharge rule beforehand, when a dump truck runs along a predetermined running route. The inputted 
data is outputted to the running data memory measure 22. Although the running data input means 21 
is constituted from this embodiment by the running data configuration switch 21a, the data input 
means of an IC memory card, a floppy disk, etc. to which it is not limited to this, for example, the 
predetermined initial data is set beforehand may be sufficient as this invention. The running data 
memory measure 22 memorizes the running data inputted from the running data input means 21 in 
the memory 20a of the controller 20. 

[0024]The battery ullage detection means 26 detects battery ullage, and outputs an ullage signal to 
the battery charge-and-discharge control means 23. Although the battery ullage detection means 26 
is constituted from this embodiment by the battery ullage detection sensor 26a, It is not limited to 
this, for example, a charge and a discharging amount are calculated by an operation based on running 
data, respectively, and it may be made to compute with the integrated value of these charges from a 
full charge state, and a discharging amount. Based on the running data memorized by the running data 
memory measure 22 and the battery ullage detected by the battery ullage detection means 26, the 
battery charge-and-discharge control means 23, The charge to the battery 7 by the electric power 
production by the discharge of the battery 7 at the time of a actual run and control of the engine 
speed value through the throttle lever control section 1 1, regenerative power, and the electric power 
from the engine 1, etc. are controlled. 

[0025]The electric energy integration means 24 monitors the discharging amount of the battery 7, a 
production of electricity with the engine 1 (namely, dynamo 2), the driving electric energy of the drive 
motors 9a and 9b, the amount of regenerative power, etc. during control of this battery charge-and- 
discharge control means 23. And after running one cycle of predetermined running routes, the total 
electric energy of the charge and discharge to the battery 7 is integrated. Based on the electric 
energy integrated value calculated by the electric energy integration means 24, the running data 
update means 25 calculates the ratio of the charge to the amount of battery discharge after 1 cycle 
run, and with a predetermined algorithm, running data is recalculated and it updates it so that it may 
be in the charging state according to said battery charge-and-discharge rule. 

[0026]The example of a control flow chart of the battery charge and discharge of the controller 20 in 
the case of having a run of Tosaka and driving down slope by a predetermined time ratio in 1 cycle of 
a running route and engine power generation is shown in drawing 4. The figure explains the charge- 
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and-discharge-control method. Below, S is attached and each processing step number is expressed. 
First, it is judged whether the running data of the initial value is set up by the running data input 
means 21 (SI), If not set up, an alarm indication is carried out to an operator by the data display 28, a 
running data input is urged, and according to this, an operator inputs a climb, driving down slope and 
the vehicle speed in a flat run, an engine speed value, the load situation of a cargo and an empty load, 
etc. as a desired value of running data (S2X When running data is set up by said ST the following S3 
is processed. Next, when it judges whether battery mode is chosen with the battery mode switch 18 
(S3) and is not in battery mode, Close the battery open/close switch 5 and the discharge from the 
battery 7 is suspended, and the run (it is usually henceforth called a run) only by engine generated 
output is performed, it returns to (S4) and S3, and processing is repeated. At the time of battery 
mode, the set-up running data is displayed on the data display 28, and it is checked in under a climb 
run or a driving-down-slope run while urging him to run with the vehicle speed set as the operator 
(S5, S6). May make it judge here under a climb run and based on the angle of gradient detected with 
the tiltmeter 19 during the driving-down-slope run again, and. Or when it is judged as under a climb 
run when it judges that the accelerator quantity from the accelerator quantity detector 16 breaks in 
into an accelerator pedal, and it judges that the brake amount from the brake amount detector 17 
breaks in into a brake pedal, it may be judged as under a driving-down-slope run. Shifting processing 
to it S21 at the time under Tosaka run, while driving down slope is running to S1 1, it usually runs at 
the time of the flat-ground run of those other than both (S7), and it repeats S5 and S6 processing. 
[0027]At the time under climb run, control the drive motors 9a and 9b via the inverters 8a and 8b to 
become a vehicle speed value at the time of the predetermined climb which the vehicle speed set up, 
and. More than a lower limit predetermined in the battery ullage detected by the engine battery ullage 
detection sensor 26a, and in order [ when smaller / checking (S1 1), and / than a lower limit, ] to 
avoid discharge beyond this, it usually runs (S12). A vehicle speed value may not be reached at the 
time of this climb that usually set up at the time of a run. At the time more than a lower limit, it is 
confirmed by S1 1 whether the engine speed value has reached the nominal speed further (SI 3), Since 
traction may be insufficient only in engine generated output for running with said set-up vehicle 
speed at the time of below a nominal speed when usually running as it is (S1 4) and having reached 
the nominal speed, The battery open/close switch 5 is opened, and, in addition to engine generated 
output, it assists and runs motor drive electric power from the battery 7 (S15). Next, it checks in the 
end of a climb (S1 6), and it returns to S1 1 and processing is repeated until it ends. It repeats 
processing until it carries out the end of a climb by S1 6 similarly, after usual run processing by S12 
and S14. When the end of a climb is carried out. the engine production of electricity, the amount of 
battery discharge, and motor drive electric power at the time of a climb are integrated, respectively 
(SI 7), it usually runs after this (S18), and processing is shifted to S6. 

[0028]At the time under driving-down-slope run, the battery ullage detected by the battery ullage 
detection sensor 26a checks below in predetermined upper limit (S21), and when larger than upper 
limit, engine power generation and the charge to the battery 7 are suspended (S22). While making it 
generate heat by the brake resistor which the regenerative energy of the drive motors 9a and 9b 
does not illustrate at this time, the mechanical brake which is not illustrated so that stop ability of 
this brake resistor may not be exceeded is used together. Engine power generation of the time of 
below upper limit is carried out at the set-up number of rotations (S23), and this engine power 
generation energy and regenerative energy are charged at the battery 7 (S24). Then, it checks in the 
end of driving down slope (S25), and it returns to S21 and processing is repeated until it ends. After 
processing by S22, processing is similarly repeated till the end of driving down slope by S25. When 
the end of driving down slope is carried out, each integrated value of the engine production of 
electricity at the time of driving down slope, the amount of braking regenerative power, and a battery 
charge is calculated (S26), and it usually runs after this (S27). 

[0029] Next, if it runs one cycle of running routes, it judges whether battery mode is chosen with the 
battery mode switch 18 (S28), and when it is not in battery mode, it will shift to S4, and will usually 
run, and said same processing will be repeated henceforth. At the time of battery mode, the engine 
production of electricity in 1 cycle, the amount of battery discharge, Based on each integrated value 
of motor drive electric power, the amount of braking regenerative power, and a battery charge, the 
ratio of the charge to the amount of battery discharge is calculated, and running data is calculated so 
that this ratio may enter within the limits of predetermined according to a charge~and~discharge rule. 
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That is, running data is learned so that a battery charging state may become more than 
predetermined upper limit Pu (refer to d rawing 2 ) in the predetermined reference position of the 
trough of a running route. At the time of a climb, at the time of driving down slope, each vehicle 
speed and engine speed values at the time of shipping and a flat-ground run, etc. are calculated, and 
a preset value is updated (S29), and it returns to S1, and the above processing is repeated by this 
study at the time of earth removal. 

[0030]Below, drawing 5 is the flow chart which showed the detailed procedure of the study in S29 of 
the above-mentioned flow chart, and explains a learning method with the figure. As for Vd and an 
engine speed value, in the vehicle speed, the current value when running now just before makes the 
vehicle speed the nominal speed rmax of the maximum production of electricity at the time of Vu and 
driving down slope at the time of a climb. First, the 1st ratio R1 of the charge of the battery 7 for 
which it asked from several 1 , and a discharging amount is calculated, and it is confirmed whether this 
1st ratio R1 satisfies expression "1<=R1<=1.1" (S41). Here, the 1st ratio R1 is calculated by several 
1. 

[Equation 1] 

Rl= [ (Pd(Yd> + Pe(nnax)) *T (Vd) ] 
/ [ CPU mo -Pe(max)) *t (Vu)] 

However, the output power which the vehicles towage at the time of the climb in the vehicle speed 
Vu takes to Pu (Vu), The input power by the braking regeneration at the time of the driving down 
slope in the vehicle speed Vd and Pe (rmax) consider T (Vd) as the engine generated output in the 
nominal speed rmax, it makes Pd (Vd) the driving-down-slope running time in the vehicle speed Vd, 
and T (Vu) makes it the climb running time in the vehicle speed Vu. When satisfying expression 
"1<=R1<=1.1", this learning processing is ended as with the current value (S42). 
[0031]When not satisfied, it is confirmed whether next the 1st ratio R1 satisfies expression 
"1.1 <R1" (S43). Since it tends to overcharge when satisfied, at the time of a climb, at the time of the 
vehicle speed Vu and driving down slope, the vehicle speed Vd is considered as as [ current value ], 
is made into an engine speed value at the time of driving down slope in quest of the minimum engine 
speed value r1 from which the 2nd ratio R2 serves as expression "1<=R2<=1.1" (S44), and ends this 
learning processing. Here, the 2nd ratio R2 is calculated by several 2. Thereby, at the time of driving 
down slope of a next run, engine power generation is performed by the engine speed value r1, and 
battery charge is performed. 
[Equation 2] 

R2- [ (Pdffd) +Pe(rl]> *T(Vd)J 

However, Pe (r1) is taken as the engine generated output in the number of rotations r1. 

[0032]It is judged that it is liable to battery discharge since the 1st ratio R1 is one or less when not 

satisfied in S43, Next, rev up an engine in addition to the time of a climb and driving down slope, 

confirm whether it is good (raising a jam engine speed value beyond predetermined rotation) (S45), 

and when not good, At the time of driving down slope, consider the vehicle speed Vd as as 

[ present ], and the engine speed value at the time of driving down slope makes it the nominal speed 

rmax, At the time of a climb, the vehicle speed Vu is set as the vehicle speed V3 (however, let the 

vehicle speed Vu be upper limit at the time of an early climb) at the time of the greatest climb with 

which the 3rd ratio R3 fills expression "1<=R3<=1.1" (S46), and ends this learning processing. Here, 

the 3rd ratio R3 is calculated by several 3. By this, the vehicle speed is made last time later than the 

time of a run at the time of a climb, a discharging amount is stopped rather than last time, and a 

battery is charged only by the regenerative power at the time of driving down slope, and engine power 

generation. 

[Equation 3] 

R 3 — [ (PdffdH-Pe(rnax)) *T (van 
/ [ <Pu(V3>-Pe(rnEu)) *T tV3>] 

However, the output power and T (V3) which the vehicles towage at the time of the climb in the 
vehicle speed V3 takes make Pu (V3) the driving-down-slope running time in the vehicle speed V3. 
[0033]When it judges that an engine may be revved up in S45 in addition to the time of a climb and 
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driving down slope, it is confirmed whether next the 4th ratio R4 satisfies expression "1<=R4" (S47). 
When satisfied, the vehicle speed Vd is considered as as [ present ] at the time of the vehicle speed 
Vu and driving down slope at the time of a climb, The engine speed value at the time of driving down 
slope considers it as the nominal speed rmax, and further, the engine speed value at the time of earth 
removal is set as the maximum engine speed value r3 (however, let the nominal speed rmax be upper 
limit) with which the 5th ratio R5 fills expression "1<=R5<=1.1" (S48X and ends this learning 
processing. Here, the 4th ratio R4 and 5th ratio R5 are calculated by a four number and several 5, 
respectively. Thereby, it charges by engine power generation also at the time of earth removal in 
addition to the time of driving down slope. 
[Equation 4] 

R4= [ (PdtVd) +Pe{r«ax>) *T (Vd) + Pe (riari *Td] 
/ [(Po m - Pc (max) ) *T (Vu) ] 

[Equation 5] 

R5= [ (Pd(Vd) -f Pe(naax)) *T (Vd) + Pe (r3) *Td] 
/ [ CPu(Vu) -Pe(rnax)) *T(Vu>] 

However, Td considers it as earth removal time, and Pe (r3) is taken as the engine generated output 
in the number of rotations r3. 

[0034]When not satisfying " 1 <=R4" in S47, it is confirmed whether the 6th ratio R6 satisfies 
expression "1 <~R6" (S49). When satisfied, the vehicle speed Vd is considered as as [ present ] at the 
time of the vehicle speed Vu and driving down slope at the time of a climb, The engine speed value at 
the time of driving down slope and the engine speed value at the time of earth removal are made into 
the nominal speed rmax, Furthermore, the engine speed value at the time of shipping is set as the 
maximum engine speed value r4 (however, let the nominal speed rmax be upper limit) with which the 
7th ratio R7 fills expression "1<=R7<=1.1" (S50), and ends this learning processing. Here, the 6th 
ratio R6 and 7th ratio R7 are calculated by a six number and several 7, respectively. Thereby, it 
charges by engine power generation also at the time of shipping in addition to the time of driving 
down slope and earth removal. 
[Equation 6] 

R6= [ <Pd(Vd) +Pe<noi)> *T (Vd) + Pe (rmax) *Td + Pe (rmax) *TL] 
y l (Pu<Vu) -Pefaaax)) *T(Vu)] 

[Equation 7] 

R 7= C (Pd <m -r Pe(rnBx)} *T ttt) +Fetrmai)*Td + Pe<r4J *TL] 
/ C <Pu(Vu) -PeOrnax)) *T (Vu) ] 

However, tangent line considers it as earth removal time, and Pe (r4) is taken as the engine 
generated output in the number of rotations r4. 

[0035]And when not satisfying "K=R6" in S49, it is confirmed whether the 8th ratio R8 satisfies 
expression "1<=R8" (S51). When satisfied, the vehicle speed Vd is considered as as [ present ] at the 
time of the vehicle speed Vu and driving down slope at the time of a climb, The engine speed value at 
the time of earth removal and shipping is made into the nominal speed rmax at the time of driving down 
slope, The maximum engine speed value r5 (however) with which, as for the engine speed value at the 
time of a flat-ground run (it is considered as number of rotations more generous than the number of 
rotations r2 corresponding to generated output required for the run with the flat-ground run vehicle 
speed V5), the 9th ratio R9 furthermore fills expression "1 <=R9<=1 .1 " It sets up for making the 
nominal speed rmax into upper limit (S52), and this learning processing is ended. Here, the 8th ratio 
R8 and 9th ratio R9 are calculated by an eight number and several 9, respectively. Thereby, it charges 
by engine power generation also at the time of a flat-ground run in addition to the time of earth 
removal and shipping at the time of driving down slope. 
[Equation 8] 

R8= L (Pd(Vd)-f PHmax)) *T (Vd) + Petomurt *Td+ Pe (rmax) *TL 
+ (Pe(rmax) -Pe<r2>> *T <Y5}] 
/ [ (Puffu) -Pe(riai)) *t{Yu>] 
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[Equation 9] 

R9= [ <Pd<Yd) + Pe{nm)> *T (Yd) + Pe (rmax) *Td + Pe (max) *TL 
+ <Pe(r5) -Pe(r2>) *T (V5) ] 
/ C (Pu(Yu)-Pe(niax)) *T(V U )] 

However, Pe (r2) and Pe (r5) consider it as the number of rotations r2 and the engine generated 
output of r5, and T (V5) is taken as the running time in the flat-ground run vehicle speed V5, 
respectively. 

[0036]When not satisfying "1<=RS" in S51 t At the time of driving down slope, consider the vehicle 
speed Vd as as [ present ], and it makes the engine speed value at the time of earth removal and 
shipping the nominal speed rmax at the time of driving down slope, At the time of a climb, the vehicle 
speed Vu is set as the vehicle speed V4 (however, V4<Vu) at the time of the greatest climb with 
which the 10th ratio R10 fills expression "1<=R10<=1.1" (S53), and ends this learning processing. 
Here, the 10th ratio R10 is calculated by several 10. Thereby, it charges by engine power generation 
at the time of earth removal and shipping at the time of driving down slope, and the vehicle speed V4 
is made last time later than the vehicle speed Vu at the time of the climb at the time of a run at the 
time of a climb, the discharging amount at the time of a climb is lessened, and the charge to the 
battery 7 is made to progress. 
[Equation 10] 

RIO— [ CPdffd) + Pe{rmax)) *T (Vd> + Pe (max) *Td+ Pefciari *TL] 
/ [ (Pu(V4) -Pe(raax)) *T(V43] 

However, the output power and T (V4) which the vehicles towage at the time of the climb in the 
vehicle speed V4 takes make Pu (V4) the climb running time in the vehicle speed V4. 
[0037]When it can run by small traction like a flat-ground run, the motor drive by engine generated 
output is performed, and when you need big traction like [ at the time of a climb ], he is trying to 
assist engine generated output with battery discharge electric power according to this invention, as 
explained above. Since the big traction at the time of a climb, etc. is obtained without above-ground 
installations, such as trolley wire like the conventional trolley assistant method, and a high-tension 
substation, by this, it can respond without being able to reduce an initial cost and moreover cost 
starting flexibly also to change of a running route. Therefore, total productivity can be improved. 
Since the engine of a small output is used, an engine burn-out fuel can be reduced, and exhaust gas 
volume can be reduced. 

[0038]After running based on the desired value to which running data according to the road surface 
states (for example, a climb, driving down slope, a flatland, a non-flatland, etc.) of the running route, 
such as the vehicle speed and an engine speed value, was set, The electric power production of the 
engine under this run, the driving electric energy of a drive motor, and the amount of regenerative 
power revived from a drive motor are calculated, respectively, and the electric energy integrated 
value over a battery is calculated. And based on the calculated electric energy integrated value, the 
present running data is updated so that the total electric energy at the time of charge may become 
large rather than the total electric energy at the time of discharge of a battery. Thus, since it learns 
and running data is updated, a charge is secured so that the charging state of a battery when it is in 
the predetermined reference positions (for example, prescribed position of the lowlands part of the 
spot of an open pit mine, etc.) of a running route may always become with the amount of charges and 
discharges when it runs beyond a predetermined value. When engine generated output is generous to 
motor drive electric power as timing of battery charge at this time (at the time of driving down slope.) 
At the time of earth removal, the time, the surplus generated output is used for charge of a battery 
at the time of shipping and a flat-ground run, or at the time of driving down slope, running data is 
updated so that a battery may be charged by the regenerative power by a drive motor in addition to 
generated output with an engine. As a result, a battery is charged as much as possible for a short 
time, running by engine power generation. Therefore, since a motor drive can be promptly assisted 
with a battery when motor driving force is insufficient only in generated output with an engine (at for 
example, the time of a climb), high speed operation becomes possible as setting out, and cycle time is 
shortened and it can run cycle time. Since discharge and charge can be performed for the range from 
the abbreviated full charge state of a battery to an usable predetermined low charging state in a 
short time, a battery can be used efficiently. Since the big traction at the time of Tosaka can be 
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taken out even if the small output engine is carried, a burn-out fuel can be reduced and productivity 
can be improved. 

[0039]Since it is used as charging power of a battery, without only carrying out resistance heating of 
the regenerative energy at the time of driving down slope, and making it useless, Generated output of 
an engine required for charge and a motor drive can be reduced as compared with the former, and 
exhaust gas volume from an engine can be reduced, and a burn-out fuel can also be reduced greatly. 
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[001 1 ] i3^it m 1 f^icm^T. =3 > hn 

Slijj^E — £ CD IE 1$ II 7^3 t It, l>v>£DHfIA^^ 

-x y ^ ^> (Dmmw.$ti~ & U7vx ht^^^^^f 

[O O 1 2] ISPICJ;^^, S^s^ic fix 
MI^^/^^f'JMII^CcI: U T:>X h Ltii 
=E — $lzm*>i&1fe-f&C0T^ ffi*[i/h£lxx>$>>5fe« 

<fc y /h*i**3l;fa-ej£:fTU &%L&\zi&/<y 

[0 0 13] I4»t ft 1 *BBfCfcLNT, =3> KP 
— ^ £>/\ ^ x U 3fett*W»*S(* . X > vXD^il^l 

[00 1 4] l4PJf:d;|)L i>y>(?)MI^^ 

u**<&/<^^UA<^iffi*Hy»B»nn-c*«*tu*o l 

[O O 1 5] ft5#£BB(±. ft 1 ^BJfC^lxr, =J > hP 

s^ts/^^fj (C3fem^^m^*/^yxy -Mx>f 

'^IctB^t^iMi LT1A&. 
[0 0 16] ftSJBWlCj;**. »*B»(Cf*, X>S>> 

civ. /^f y *jft*«i(c«ffl-e**o ^^(c. »%b# 



[0 0 17] 

fey. x>v> 1 (Dm^ l^i^xp ^ h;u lwn— (c(£x 

(*3«ixat£tti*i"r*t,<z>T?a6y. wi^^yi/ en 

i-X6 ^ L t/<^f U 7 ICftftSilSiftlC, 20 
OM £ 8 a , 8 bODA^S-T^ff^^xTL^o 

-< 7f 5 <b t a. — X6 ^OHCD^-T /<^T-'J5i 
^S^£-fe>-+r2 6 a ti<m$t£ tlT^&c. /v^f'Jlff 
S^tti-tz>-^2 6 a^*^Sfe^®-rfi/<^T-y 7 CDHi^b 

C60^#»fl-§-fi=l > hP-7 2 OfCA^^ttri^, 
2 0CD-T >/\— £ 8a, 8 bit All LfciSfltfB***!:: 
*-3^TK»^--£ 9 a, 9 bO[e]fE^^fl)»Lrfc 
y. 2 0©^>/^8a, 8 btD^E — £ tii£j^-f > 

1 T^CDiillj^ — £ 9a, 9 b Icfg^^tlT IA& D -f > 
/<— $ 8 a , 8 blilgijj^E — ^ 9 a . 9 b CDiESm^ft 

y . ci(7>^htifii«#{±a > h P-7 2 ofcA^^tiri^ 

i> 0 — £9 a, 9b(rtIteIlT?tt3li 

WHS I* * ® lEttft^- § a 

[0018] 3 > hP™7 20(i v > tfn.— 

*xr/isa»*«it«i»»(D*ir»B*flt^rfcy. « 

'J 2 0 a Ltt^o =l > hP-7 2 0ii, XP^h 

»^E — * 9a. 9 bCD^tl^tlCDii^fg^^tli^ ^^T 
l^o ^ ^> (C . /<>v^y?jl#S:^tt}-l2>-y-2 6 aCO^dj 
Lfc?t#Mfl-^. 2 OCD^f — ^ 8 a . 8b[Ci*]M£ 

t/aocDliiS^— ^ 9a, 9 b (DUlteSfc^^ix-^ti^di 

lT£[mfEi&-t?>+M 5 a, 15 b^^CDHil^^lt^Tb^ 

[0019] S^:. n > hP~~-7 2 ociir £-tz;u^4f 
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^2 0l£. Jh!E(Z>A;*3 Ufc7^-b^««*f=lCi:fc*iS 
|c&*<fc5<c % EHEft-b 15a, 15 bfr^comii 

a, 8 b("iiJ|[ffi^<t^^£±i^ LTIIK)^ — ^ 9 a, 9 
b <D|siiES£*i|«P L . £fc ^u--^M1§^(ci^ D fcBf 3£ 

a f 8 b^^LrSEa^ — ^ 9 a, 9b00fei^|Ji 

a, =i> oi*»a-rs«fc3&HfS(Daai*fir 

FJT5£<7>£-f S ^T?fT3 0 /vyf'J^- Kd^-SA^] L 

— £9a. 9 b CDSEUiiff^-T. X > v>> 1 £3£B 

[002O] ^^>(C. □>hP-720C(i/i^f ^ 

SA^Jt^^f- ^IS^X-f ^2 1 aA<|II*tLt 
l^o fltSf:, =i > hP — ^ 2 OfCf£. n > hP — 
^ 2 O^^(^S^*i%{C^or^fT J f--^0iS^fl^t/ 

mmfe&mTjk itt^ u— ^ (c^p 6>-&-6 -t— * 2 

*fc«^r0f^a>3fefrtt* 1 ^^^jfUjtff<DKrz % Ftf 
SlJUiSaWU c: o> 3t K ICSoi^^^f 

[0 0 2 1 ] |2lt *f|Bflfcf&£/W ^ U ^ K3ty V 

f=Gesi-r £ c t j: y y > 3f h ^ *v ^ c7>^SB#(7)miS^ 

/v>f u^#fi mum) M3zm&m d 
oo%) izm&-i^m^<D±mm c#"jxi*9 5%) 

ffittlB (0%) I=ISi&LNRfr3ta>TIH1i (0!l*li5%) s 
[002 2] *-&3fc>*>. at5B#f£. X>y>Ml^]^ 



ffiifitt ((3^<&i^<&TIEfllP d) tftftcfc^fc. *5E 
l£. fSSI^/^^f Uftll (of UTvXhS) tf>H, 

^(c^i^vvtii^^j: y/N^y-r-y 7 £*m-r& 

cfc5l:lTM D fir, c*i^co^fir^#[*. -tr>r^ 
[00 2 3] i3C^tltM^P'^@i^ 

y s *«M(=««^\-f v Kxt^>^ h^^^co/<^ 
(±. ^fr-x— ^ieii#S2 2{cj±j^^tL^ 0 ^m$mm 

^ftf-^A^]^S2 1 fi^trT— £SS^X>f «y 

f21 a(C*y«fiK**ir^-SA^ *f§B^[iCtl{3K^ 

c > =e y ±i— k^lt/^ p v \£—m<r>^—$ xts^mx t 

1 ^^A^^tLfc^fr^— ^ ^=3 > 2 00^ 

y 2 o a ^(ciEH-r^c 

[0 0 2 4] /^-x 'J8ffWBifB2 6li/vvfUS 

#M^^tbL. ^se^^/<^-xy^s*]»^iS2 

^2 6 y < ^ ^ y ^SM^ttl-tr 2 6 a [c£yfgj&£ 

■^^T*Matf*««t**L^*uai»=«fcy*«). » 
y«ta-r**5i= LtULN c /<^-r y3ttt«*i»*a 

2 3(£j£fT^— £iE1t#P£2 2[cIElt$^ifc^fr-x— * 
cb / ^ 'J ?I#M^tB^R 2 6 [C^ y^ldb^tlfr/^v^ 

y^#s<t{cs^i^r. n^cDfefttifCD, /<^f U70 

S5t«. XP'> K^U/<— ffcijfalSB 1 1 ^^*^-^>3:>i>>{p3 

> 1 ^^>(7>ffi7D(C^^/N^7^ 'J 7 — CD?fe^^^*lI^lf 

[00 2 5] m^fimM^-PS2 4ii. ca>/<v-ry*» 

> 1 crft=b^*««i2) Ccfc^ii, rew^E— *9 
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mmmmzm^i^x, 1 ^ j^w^^v^^wlm 

(DTJlsii y XAtll LIE Lt5lfrtl)o 

-^—^^ISS^tLTt^^^^^fWL (S 1) . ift5£ £ 
tiT^lttlf^^U~^(CT :V --^^^^2 8T?77-A 
LTjtfff"— * A*)£fML. CtlCtott^U- 

^^A^-T-g) (S 2) 0 mUS 1 r^fr J r-~^A<l&^^ 

TL^SA^UKL (S3) v /^fU^- KT?#l*£* 
A'7f'J-llX^ 7f 5^i:t/i7f U 7 ^& 

It^lTi:!?) ^frtv (S4) „ S3-* 

— * izt^^titzmrnxM^-t 5 izm-tkk trc. 

ft*jfefT**V XttPHS^ftif^x^^-r* (S5, 

S6) c cc:T?»«j£fT4>a\ *fcR«j£fir«t 3 J5M±, M 

s§ 1 7frt><Dz?i>— *miz£ y yu-*^<?ji,fi<m<H& 

«j£fir£fir^ (S7) , S 5, S6»iyit 
[0 0 2 7] a«jtfT*<7>,!:£[£. *i$;&<»^ Lfc»r5E 

LtiS)^-^ 9 a , 9 b &umT&t&iz^ X>^> 

/Vy^UM#fi^liH->^2 6 a fCj: Lfc/N^T- 

'J*#**<Hf3e<7)Tl8ttfel-b^^x^^ L (S11) . 
«ttftfT*fT3 CS 1 2) 0 z<D»ttj£frB#f±. S^l 

fc»tsB#mis<e^sL3tei^*^tfe*o si 1 t*thhb 
\>A±a>k£its £ & ic i > ^mnmt<i^^m%umzm 

Ltt^Sf L (S 1 3) , ^fSlells^i^TCD 

{zmLxi^&k^[&mmmfeLtzmmxmft-4-z>{zizji 



fe^^-e. /N7f U"WX^7f 5^1^, X>v> 

X h LT^fr-r^) (S 1 5) 0 ;^(c v fSHT^f r ^ 
>L (S16) , l^7t^^t:S 1 1 fclotll^i 
yiEfo S 1 2. S 1 4 TC0^j£*r^StfM£(£. 
H«lCS 1 6T?^S*tT-r^*^MS*^UMt- 0 ^* 
Ltr£^(£, fM0i>y>MI, A7f'J» 
SMStf^ — ^Eism^S^^^SKU (S 1 7) . 

ZlCDikmigfe'fT&iT-oX (S 1 8) , S6Mi$f|fT 

[0 0 2 8] »*ftff*<Di:#ri, /<-y^y«#*ttUj 
-tz>^2 6 a IC * y ttlli LfcA'vf 'J B#Itf*t(D± 
RRffiEfclTA^x^ L (S2 1) . JiiSfi^y^^t^ 

(S2 2) 0 C<£>££- s |Eg]^E-- £ 9 a , 9 b<7)[I]£x 
* JU* r l4 HI 5f L U I * "J U-^rffi Tf *» * i± £ <t £ t, 

^IZm^Ltz m^X i>y>ML (S2 3) . CO 
iVv^SSx^^^i^x^^^S/^^f U 7 [c 
jfem-T^) (S 2 4) a Z(Dt, Pf^^T^^-x ^^7 L 
(S 2 5) . 8Ttl,$'CS 2 1 CIoTMl^lUl 

^i. s 2 2xa>mwo>mz, mmzs 2 5-t?nfsn 

^ti^ttcDftmifi^ L (S2 6) s ZO^il^^fT 
$fr5 (S 2 7 ) 0 

[0029] ^frS&^ 1 +)r^ 1 jisjkfr Ltzh. /< 

U KX^f 7f 1 8 \z£ y/<^T-yqE— KA<aW 
^nrL^^^^fl]ffiL ( S 2 8 ) . /\*7T 'J^- 

^ ^f^s 4^fTLTii^tT£ffiV ia^sufEP]^CD 

>M» U 3tlS5c«yu— ;KcfltoT c:a>hbA<RlfSa)ffiffli*i(c. 
A^J:5(c^T-x~-^$-;^»:t-^o "T^^, jfefrigcD 

B#. m^B#^^¥l&^fTB#^CD^H^tlCO¥i$^^x> 
^>®l£S»:^/ll*Lr«5efli*S«rL (S2 9) . *L 

[OO 3 0] 0#{C. @5^±lE7P™f ^-[^03 2 
9 ( = fcM t ^ ^ W CO P $ffl ^ ^ I III ^ ^ Lfn^ P~^^~ hi? 

fey. Piliiic^y^g^^^-r^, ix^. mfj^r 

^O^^min^ rmax <h"r^ c ft1*y*tf>tc/^ 

7f u 7 (D^mmkmmMtom 1 oi^r 1 ^iil, 
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ccom 1 coj±r 1 t>m^ r i <r 1 s 1 . 1 j 

l)^f x'^t^, ( s 4 1 ) 0 c:t\ ii cdj±r 1 (£ 

tti r=«fcyatjr*#t*. 

Rl = [ (Pd(Vd) + Pe(raax)) *T(Yd>] 
/ [ (Pu(V^-Pe(naax)) >T (Yu)] 

fit. Pu(Vu)^m^V uT?©ft*l*(D*H*5HcK-r 
6dJ*«;*K Pd(Vd)(£*i§v d ra>RKB#0>MffcB£ 
{Cck^A^H^, Pe(rmax)^^*&[slfeife rniaxt0x> 
y>*ll^], T (Vd)fi*i£v d |-ecDI»SftlT»IH. T 
(Vu)li:m^V uT?CD^^^fxBtrp1^-r^, M£R 

Lt*«ftl*«7t* (S4 2) 0 

[003 1 ] ai£L&^it#r±. #ncft§ 1 gd]±r i £<tfc 
ari, KRu sists^x^m (S4 

uatf»«»*iSVdl±3SftO)»56ftcD**i: U i2 
<3[)tfcR2 3&<»5C ri^R2^1. 1 J ttt*cfc5a«/h 

<Z)x>i;>[p]$E^ r 1 **at>r»*i*cDx>i»|gHE» 
tL (S4 4) „ **K«tai£»T'r-6o 12 

MR2] 

R2- [ (PdfVd) +Pe (rl)) *T (Vd)3 
/ I (PiHVu) --Pe{raax>) *Tffu)] 
III, Pe(r1) rdcBliK r 1 T?fl)i>9>»UAtt 

[0 0 3 2] S 4 3lCjj3UT3SJELfcL*£#li. 31 1 CD 

U «i:tfiB»atf»SI»J£l»l=x>i?>$RA\Lt 

R4= [ (PdCVdl +Pe<rwHl) 

X [ CPuffnl -Pe(max)) 



(o* y x>s»niea*Hr5£lHllEJa±(c±(f T) £1^ 

(*^^IU$sife rmax £ U tW$iSv u lif 3 0J±R 

3 #«5i r 1 ^ R 3 S 1 . 1 J ZMt-t ^ 5 #«:fc<Dfi 
^B#*iiV3 (§L. «J«4>«t«B#*iSV u£±»«fc 
f*) KR5£L (S4 6) , WlII^gTt^, C 
ct\ m3<DJtR3{4IS3fc:jcysa[^*L^ 0 dtiicj; 

y, ««i»»a*«na*fTB»<i:y ta< ur»«**« 

[S3] 

R3= [ (PtfTO-f Pe(raa*)) *T<V<f)J 
/ [ {Pu<V3}-Pe(rnmjd> *T (V3H 

Z&timJl, T(V3)f**jSV3T-t7>»«j£ffB»M4:-r 
[0 0 3 3] S 4 5(C^L\r^ffi0#^^Pf«8#^H(CX 

4 7) 0 SKS-rSi:*!*, aS^SiSv u&I/B4Sff?F<L 

msoitR 5^5t ri <R5S 1 . 1 j &mz-t<ko 

tem.X<r>^>i>ls®&%L r 3 CffiU ^miH^ rmax 
t±Mit*) (CIS^L (S4 8) . *3*B«&3I£« 
7t^) e CCt, ^4CDtbR 4&t/§F§5tf>i£R 5 It-f+L 

■?tLtt4a^«5fcj: yat***LS 0 c^tiz^y. 

HR4] 

*T (Yd) + Pe(max)*Td] 
*TfYu)] 



:5] 



R5= [ (Pd(Vd)+Pe(iwK)> *T (Yd) +Pe (r» *Td] 
/ E (Pu{Vu)-Pe(raax)) *T(Yu)] 



(§U Tdf*l#±WHRL Pe(r3) liEUst* r 3 T?(7)x > 
[00 3 4] S4 7[Cfel^T r 1 ^R4J *M&L&l,> 

£#f£. mecoitR 6?&<ScS r 1 ^ r e j £?gJi.-r&fr 

v ummMmmmv di£m&(r>-£i£t u ut^ox 
> v > m ie zfw ± n <r> x > v > m $e m & ^ t& 0 $* a 

R6= [ (Pd(Vd) +Pe(rrtax)) *T tVdJ + Pe (max) *Td + Pe (max} *TL] 
y [ (PiiC/u)-Pe(rm)) *T(M] 

[»7] 



R 7 7t)<tfc5* r 1 < R 7 < 1 . 1 J tSfifc-r cfc 5 ^S^CO 
x>^>H3$^r4 {(1L, K»EKR rmax£±»ffl 

fc-r*) rmteL (sso) , ^wmm&mj-t& a 

:ct?, ISecohbR 6MS7 cdj±r 7 (£^*i-?tii&6 
[See] 
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R7= [ CPdWH-Pe(rnax)) »T (Yd) + Pe (max) *Tcl f -Pe (r4) *TL] 
/ [ <Pu(Vu> -Peduax)) *T<Tu>] 



{ML. TL«±0|f|, Pe(r4) iiHiiSfe r 4 T?CDx > 
[00 3 5] fit, S 4 9fC&l\T M <R6J £>H 

£twi^« cs 5 1 ) 0 *a-r*i:#i*, « 
«n»*avu3fctfi»*ii»*avdi4«ft<z)**t l. k 

rmax £ L s * ^lc^±te^:fTB#cDx>i>>[El^ 
R8 



Sfe^e r 1 ^ R 9 < 1 . 1 j ^^fc-T^ a &H:*CtDx >^ 

fc»5£L (s 5 2) % &^wmm%mTir& a 

m 8 CD it R 8 !g 9 CD it R 9 8 JSlU 



= [ (Pd(Vd)-f Pe(rmax)) *T (Vd) + Pe(rnax) *Td+ Pedmax) *TL 

+ (Pe(raax) -Pe<r2>) *T (V5)j 
X [ (Pu(Vu)-Pe(niax)> *TO T u)l 



[»9] 



R9~ [ CPdttd) 4-Pe(raax>) *T (Vdl + Pe (max) *Tdf + Pe (max) *TL 
+ <Pe<r5) -Pe(r2) > *T <V5) ] 
/ [ CPuCVu)-Pe(rn8x>) *T{Vu)j 



§L, Pe(r2) % Pe(r5) fi^+u^nilltE^ r 2 ., r5 
•C©i>y>«tB*. T (V5) itW-mT&'rfm&V 

*fri»nii£"r*. 

[003 6] S 5 1 (CfcUT r 1 SR8J £SSJEL£:l/* 
Ls ^SBtmiSV uf^m 1 0(7) ]±R 1 0j&<»5£ r 1 ^R 

io<i. 1 j *atfc^cfc-5ft«*a>««B»*av4 

R10= [ (Pd(Vd) + Pe(nnax>) *T (Vd) 
X [ (Pu(V4)-Pe<nnaxJ) *T(V4)j 
fi L, Pu(V4)(i*i£v 4T?<0fi*»<D*S*3Uc*-r 
3 fcfci T (V4) filpilfi V 4 "C?CD®S^ : fT8#^ <t 

[0 0 3 7] £l±m.W Lt~£5 ifclfeBillC^&t. ¥ 

> c: cfc ^> ^e— ^ KSi £fir gs^Ocfca 

hay — 3Bflt&c;XSEie«nr*(Dtt±tg[«3£j: t r«*s 

yU<D£Mtt*fS]±:T?#&o Sfc* /Mil *0>x 
[0 0 3 8] jfefrS&CDS&StfcS ^S. 



(flL V4<Vu) (cl^^L (S5 3) „ *^B«L« 
^7t^), -CTr. 11 OCDJtR 1 OfiBM 0U:<fcy 

x^v>*«(cj:y3feS**t*i:*(C. etg&^iIV4 

iaio] 

+ Pfi (rraax) *T<] + Pe <rmax) * TI] 

tvr. /<^ j ry<Dtt«ii»^>i8«***y*3fe*B»a>«« 

ccDcfcdlc^^^troT^ff^™ ^ ^Mffr-T^cT) 
T?\ *fTLfcB»<D3t»«»cj:y % ftffttCDBfffi©** 
firS UMa.fi. ^}l«iijCD5J^(7>®tfeM(^Fif^iiM 

fc h &f(D/ \ v it 'J CDAm*t^^*^B#PJr^flaJifc 



r^tv^c -CD 
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[0 0 3 9] BS^ilii^i^^fcgfi 



[0 4 1 *J»«i:«*/<^f UAftlMx>i»*« 

lie] ti£*tt»Rr(c«4y>^ h^^(Dfmtt»*3S 

1 .-r>v>. 2-*««L 4-»SMk 5»^*;f'J 
-firiX^f w „ 7 . 8 a, 8b--(>H- 
£ . 9a, 9 b— |Htt|"&-~ 1 h;i/U/<- 
MSPffi. 15a, 1 5 b —EHESMz >U\ 1 
;US^Itbl§. 1 7» -^U— 18-/^yfU 

£A*¥-Hu 2 1 a •■-^tTT f — 22- 

2 4-Ij]IIim 2 5-^ff-r : -^S»f^ia. 2 
6-/^y^f 'J«??*BkttJ#K. 2 6a -/<7T 'J3#t 
«UHr>U\ 2 8—r— 



[0 1 ] 



[IH2] 




-15b 



16 _ r J n ^ ^ ^ " [ j- v _ gB 
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(start) 
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[15] 




NO 



NO 





S;K*SV4*Ha6 



S42 



1 



»KB#Si£Vu,P§i£B#»£Vd, 



I 



-S44 



-S46 



#f±B$1=gR3^1 4 * X > *>*>: 

»r3-?|g* • a* 



-S48 



s#x>v>a*m * 

»&b#i s R7S i . i * * i > s; 



S50 



IHSBiSKvu 

Tifejfcff B*1 =SR9;£1 .1 * * X > >J| 
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